Pedagogical tools designed to promote engagement and active learning in the biomedical sciences and allied health disciplines by O'Brien, Mark
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
O’Brien, Mark
(2015)
Pedagogical tools designed to promote engagement and active learning in
the biomedical sciences and allied health disciplines. In
Gómez Chova, L., López Martínez, A., & Candel Torres, I. (Eds.)
INTED2015 Proceedings, IATED, Madrid, Spain, pp. 4422-4429.
This file was downloaded from: http://eprints.qut.edu.au/90637/
c© Copyright 2015 IATED
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://library.iated.org/view/OBRIEN2015PED
1 
 
"PEDAGOGICAL TOOLS DESIGNED TO PROMOTE ENGAGEMENT 
AND ACTIVE LEARNING IN THE BIOMEDICAL SCIENCES AND 
ALLIED HEALTH DISCIPLINES" 
Mark O’Brien1  
1 School of Biomedical Sciences, Faculty of Health,  
Queensland University of Technology (QUT) 
(AUSTRALIA) 
m.obrien@qut.edu.au 
Abstract 
Perceiving students, science students especially, as mere consumers of facts and information belies 
the importance of a need to engage them with the principles underlying those facts and is counter-
intuitive to the facilitation of knowledge and understanding. Traditional didactic lecture approaches 
need a re-think if student classroom engagement and active learning are to be valued over fact 
memorisation and fact recall. 
In our undergraduate biomedical science programs across Years 1, 2 and 3 in the Faculty of Health at 
QUT, we have developed an authentic learning model with an embedded suite of pedagogical 
strategies that foster classroom engagement and allow for active learning in the sub-discipline area of 
medical bacteriology. The suite of pedagogical tools we have developed have been designed to 
enable their translation, with appropriate fine-tuning, to most biomedical and allied health discipline 
teaching and learning contexts. Indeed, aspects of the pedagogy have been successfully translated to 
the nursing microbiology study stream at QUT. 
The aims underpinning the pedagogy are for our students to: (1) Connect scientific theory with 
scientific practice in a more direct and authentic way, (2) Construct factual knowledge and facilitate a 
deeper understanding, and (3) Develop and refine their higher order flexible thinking and problem 
solving skills, both semi-independently and independently. The mindset and role of the teaching staff 
is critical to this approach since for the strategy to be successful tertiary teachers need to abandon 
traditional instructional modalities based on one-way information delivery. Face-to-face classroom 
interactions between students and lecturer enable realisation of pedagogical aims (1), (2) and (3). The 
strategy we have adopted encourages teachers to view themselves more as expert guides in what is 
very much a student-focused process of scientific exploration and learning. 
Specific pedagogical strategies embedded in the authentic learning model we have developed include: 
(i) interactive lecture-tutorial hybrids or lectorials featuring teacher role-plays as well as class-level 
question-and-answer sessions, (ii) inclusion of “dry” laboratory activities during lectorials to prepare 
students for the wet laboratory to follow, (iii) real-world problem-solving exercises conducted during 
both lectorials and wet laboratory sessions, and (iv) designing class activities and formative 
assessments that probe a student’s higher order flexible thinking skills. Flexible thinking in this context 
encompasses analytical, critical, deductive, scientific and professional thinking modes. 
The strategic approach outlined above is designed to provide multiple opportunities for students to 
apply principles flexibly according to a given situation or context, to adapt methods of inquiry 
strategically, to go beyond mechanical application of formulaic approaches, and to as much as 
possible self-appraise their own thinking and problem solving. 
The pedagogical tools have been developed within both workplace (real world) and theoretical 
frameworks. The philosophical core of the pedagogy is a coherent pathway of teaching and learning 
which we, and many of our students, believe is more conducive to student engagement and active 
learning in the classroom. Qualitative and quantitative data derived from online and hardcopy 
evaluations, solicited and unsolicited student and graduate feedback, anecdotal evidence as well as 
peer review indicate that: (i) our students are engaging with the pedagogy, (ii) a constructivist, 
authentic-learning approach promotes active learning, and (iii) students are better prepared for 
workplace transition.  
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1   IDENTIFYING THE ISSUES 
A science classroom where fact memorisation and fact recall in summative exams is given priority at 
the expense of concept understanding, making critical connections between ideas, and where real-
world applications of theoretical concepts are minimised, is a classroom where active learning is 
frequently devalued in favor of more short-term, pragmatic outcomes. The former represents one 
definition of shallow learning. 
 
Ramsden and Watson [1] state that: “good teaching encourages high-quality student learning…and 
energetically encourages engagement with subject content.” According to Handelsman et al. [2] 
however: “most science is taught as (didactic) lectures that are dominated by facts rather than 
principles and ways of thinking..and yet…substantial evidence shows that lecturing alone is a 
relatively ineffective way of teaching and retention from lectures is poor”.  
Yet in many biomedical science classrooms this is exactly what is, and has been, happening for a long 
time. Fact memorisation-Fact recall or “Teaching for exams” is a much relied upon and convenient 
approach for biomedical science academics who are time-poor having heavy workloads in research, 
teaching and administration. Such an  approach is not a way of achieving better outcomes for student 
learning in general [3] and is counter to the concept of deep learning where ideas and facts are 
analysed critically and numerous links are made at a cognitive level [4]. 
There are a variety of reasons for the reliance on Fact memorisation-Fact recall (otherwise known as 
rote learning) including, but not limited to: (1) biomedical science teachers frequently not undergoing 
any formal training in tertiary education (though that is changing) or are inexperienced junior 
academics hesitant to implement “alternative” pedagogies since that would be at odds with traditional 
teaching approaches extant in many biomedical science classrooms, (2) ever decreasing tertiary 
education sector funding and consequent poor teacher and classroom support and resourcing, and (3) 
a limited availability of pedagogical-based strategies that can be effectively implemented.  
In some cases, even when such alternative approaches are available, science academics maybe 
unaware of their existence unless they are familiar with or take an active interest in the science 
educational literature or attend teaching and learning conferences. There are certainly some 
biomedical science academics that are either one and/or the other of the aforementioned, but they 
would be in the minority, though again, that is changing too. 
 
1.1 Traditional approaches to biomedical science teaching 
In the biomedical science classroom, a traditional lecture format may be described as a collection of 
facts and figures presented as ”informational chunks” and frequently delivered as a bullet-point slide 
presentation. In this content-heavy delivery mode, information is passively delivered in a one-way flow 
(i.e., monologue) from lecturer to students. This style is underscored by a misguided perception that 
“students have to know everything about everything” otherwise the quality of the education is 
assessed as poor or certainly, second-rate. All too often at the end of a given semester, many 
biomedical science academics bemoan that they did not have enough time to cover everything that 
they wanted to or that they should have.  
 
Yet  there is no strong evidence to support that a student who has experienced the aforementioned 
traditional lecture approach is any more well-equipped to enter the workforce or academic 
environment. Indeed, many employers, laboratory managers and higher degree research supervisors 
are now seeking graduates with a less comprehensive, but more in-depth knowledge of their field of 
study in conjunction with a deeper understanding of concepts as well as an ability to think flexibly 
(analytically, critically, deductively, scientifically and professionally) [5].  
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1.2 Limitations of traditional biomedical science teaching approaches  
A teacher’s preoccupation with content delivered as a monologue and that a good teaching outcome 
equates to students correctly reciting memorized facts in summative assessments often also equates 
to no time being allocated for discussion and reflection in lectures or during laboratory sessions; two 
important learning strategies [6] that foster student engagement and active learning. Unfortunately this 
scenario is supported by ever-reducing lecture times (currently less than 2 hours per week at QUT) 
and limited semester periods of 12-13 weeks as is the case at QUT and many other Australian 
universities. 
 
There are opportunities to address such limitations during a student’s time in the laboratory, but again 
with the traditional approach, biomedical science laboratory classes are frequently viewed as add-ons 
to the lecture experience and thus viewed as separate from the teaching-learning process. Moreover, 
laboratory classes that focus on technical skill development and refinement (“see and do”) limit the 
student’s engagement with, and understanding of, the underlying theoretical concepts that have been 
presented in a traditional lecture delivery mode. Time constraints again play a role here in reinforcing 
bad approaches to learning by leaving no time for active laboratory class discussion or reflection. 
Laboratory time over the years in the School of Biomedical Sciences at QUT has seen a decrease 
from three to two hours per week and this is replicated in other Australian universities. 
 
2   POTENTIAL SOLUTIONS TO IDENTIFIED ISSUES 
As indicated above, many biomedical science academics are faced with limited time allocations for 
both lecture and laboratory classes. Consequently, this lends itself to adopting teaching and learning 
approaches that are content-driven and encourage shallow learning.  
 
A cultural change is needed whereby valuable time is reclaimed and the reclaimed time is directed to 
classroom engagement, concept understanding and active learning coupled to assessment as 
learning rather than assessment of learning as defined by Earl [3]. A shift away from traditional 
teaching-learning methodologies requires a teacher’s commitment to encouraging their students to 
develop an in-depth knowledge base rather than a comprehensive one. Given the constraining factors 
mentioned above, this shift will not be an easy one and needs pedagogical support to be successful. A 
suite of pedagogical tools that an academic can draw upon will help realise the aforementioned 
commitment. These tools need to be part of a more integrated teaching-learning package that 
supports deep learning as defined by Turner [4] and reflects a coherent pathway of learning. 
 
The argument in favour of pedagogical reform is that while content is important (that is to say, learners 
must have a solid knowledge base underpinning their understanding and application), graduate 
attributes such as critical thinking and complex reasoning skills should also be developed early and 
refined as part of a broader and integrated learning process. Successful attainment of the 
aforementioned should translate to improved engagement with the material presented. Traditional 
lecture and laboratory teaching approaches invariably fail to embed such attributes and especially not 
early in the learning pathway.  
 
2.1 Study stream context and stakeholders 
The authentic learning model described here has been adopted in the Schol of Biomedical Sciences at 
QUT in the sub-discipline area of biomedical bacteriology. The pedagogy has been successfully 
translated to the allied health disciplines, specifically nursing microbiology. 
The Biomedical Bacteriology study stream comprises five units (otherwise referred to as “subjects”) 
spanning three years of undergraduate study. Biomedical and medical laboratory science students 
comprise the broad study stream. Students enter the study stream proper in second year having 
successfully completed two general biomedical science foundation units which are offered to a diverse 
range of health science/life science/biotechnology students in the first streaming year. Year 2 units are 
developmental subjects preparing students for their transition into more advanced Year 3 capstone 
subjects. It is important to emphasise that our cohorts are not medical students, but medical laboratory 
science and biomedical science students, though a significant number go on to postgraduate medicine 
programs. More than 700 students across all three undergraduate years are currently involved. Class 
sizes vary from 50 to more than 300 students for nursing microbiology. 
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Training begins with fundamentals followed by more advanced concepts in preparation for a 
workplace transition. Students understand and value the step-by-step approach adopted in the study 
stream as part of a “whole-of-course” model that will allow them to enter the workforce as 
professionals or undertake further postgraduate studies in the biomedical area. Graduates seek 
employment in the pathology sector and research-based microbiology laboratories or undertake 
further education in postgraduate medicine. For medical laboratory science students, course 
accreditation requirements dictate that these students must have appropriate and comprehensive 
training in microbiology, in particular biomedical microbiology.  
 
 
2.2 General pedagogical approaches 
In addressing the issues identified above, we developed an authentic learning model incorporating a 
suite of pedagogical tools (See Section 2.3) designed to encourage student engagement in the 
classroom and support active learning. Afterall, involving students actively in the science classroom 
enhances understanding and retention and reflects the nature of science [2]. 
In our application, authentic learning may be defined as a pedagogical model that situates learning 
tasks in the context of future use to enable students to develop robust knowledge (i.e., deep learning) 
that transfers to real-world practice [7]. Authentic learning has its devotees, but is only one of a range 
of pedagogical approaches that lead to improved classroom engagement as well as student learning 
outcomes.  
A constructivist-based framework underpins the model whereby: (i) student independence and 
initiative are frequently expected, (ii) higher order flexible thinking is actively encouraged and 
supported, (iii) students engage with each other as well as their teachers, (iv) students encounter real-
world scenarios and attempt to solve problems through application of their knowledge and 
understanding, thus enhancing their learning, and (v) there is a clear integration of theory with practice 
aligned to all of the aforementioned.  
 
In redesigning our units (subjects) we have bridged the gap between the theory and practice of 
biomedical bacteriology. In doing so, we have seen a transformation in the learning experiences of our 
students and indeed in the way we teach. The authentic learning model described here forms part of a 
structured, coherent pathway of learning. 
 
 
2.3 Specific pedagogical approaches 
 
2.3.1 The Lectorial: Lecture-Tutorial Hybrid 
Didactic two hour lecture formats have been replaced with a lecture-tutorial hybrid (or lectorial). The 
first part of the lectorial involves a role-playing exercise in the form of a simulated patient presentation 
(or case scenario enactment) presented by the lecturer. The role-play is then critically analysed in a 
class-level question and answer (Q&A) session addressing in turn each of the eight steps in the 
infectious disease diagnosis pathway: (1) Patient presentation, (2) Empirical diagnosis, (3) Patient 
management (empirical), (4) Lab investigation request, (5) Specimen management, (6) Diagnostic 
laboratory processing, (7) Patient management (review) and (8) Follow-up. Whilst many courses in 
biomedical bacteriology focus solely on Diagnostic laboratory processing, our approach is a holistic 
one, discussing the steps before and after the specimen is processed. 
 
During the second part of the lectorial students commence their laboratory work in, but as a dry lab 
format in a standard lecture theatre setting (50-250 students per room), though a tutorial room would 
work equally as well. This approach directly links theory with practice since students compile a Report 
Form from information and data distilled from the role-play and follow-up Q&A session. The Report 
Form is the starting point for experimental work carried out in the purpose-built wet laboratory later the 
same day. 
 
The lecture-tutorial combination format allows for presentation of core information on the topic. The 
class level Q&A discussion to follow provides opportunities for students to think flexibly (i.e. 
analytically, critically, deductively, scientifically and professionally) as they build their knowledge and 
understanding around the core information.  
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2.3.2 Role-Play: Case Scenario Enactment 
Role-play in the form of acting out a Case Scenario allows students to make connections between 
theory and real world practice. These connections are concurrently reinforced by commencement of 
dry lab activities during the lectorial. Students are actively encouraged to ask and answer questions 
and to use their flexible thinking skills during the role play. For example, students ask questions of the 
lecturer as a ‘patient’ suffering from an infectious disease related to the lectorial topic, and is followed 
with a probing question like, “You have worked out the likely disease state, potential aetiological 
agents and relevant specimen – where to from here?”  
 
2.3.3 Knowledge Scaffolding 
With each new role-play, concepts common to the infectious disease diagnsosis pathway are revisited 
as a way of building interconnected layers of information and by providing opportunities for cognitive 
connections, together with an emphasis on critical knowledge points and the development and 
refinement of concept understanding.  
 
Frequently, the starting point for this constructivist-based learning approach is the student’s general 
knowledge or own life experiences, based on friends or relatives who have contracted an infectious 
disease, or their background reading or current news reports, even their studies in other biomedical 
subjects.  
 
2.3.4 Bridging the Gap Between Theory and Practice 
Laboratory Report Form compilation in the second part of the lectorial is part of the students’ 
laboratory preparation; hence the innovative concept of the lectorial being a ‘dry lab’ experience. 
Students go into the laboratory ready to continue processing a specimen, with a working knowledge 
and understanding of the key concepts that underpin the hands on practical activities to follow.  
 
The ‘wet lab’ experience comprises two key elements: (i) hands on specimen processing and (ii) 
problem-solving exercises (See 2.3.5). The objective of (i) is to train students in the fundamental 
techniques of conventional biomedical bacteriology by allowing them to work up a human clinical 
specimen hands-on and in so doing sleuth out the identity of the infectious agent, report on its 
significance and provide general patient management recommendations.  
 
2.3.5 Formative Assessment: Laboratory-Based Flexible Thinking Activities 
Briefly, in each laboratory session, flexible thinking exercises in the form of a display of relevant 
laboratory materials or test reactions are set up and students, either independently or in a group, work 
through them in a type of virtual (non-hands on) specimen processing application, answering 
questions along the way and interpreting data by employing their flexible thinking skills.  
 
Such flexible thinking activities allow students to evaluate their own concept understanding and 
knowledge application in general and more specifically probe for: scientific rigor, quality assurance, 
accurate record keeping, technical error detection and data interpretation validation – all key aspects 
of a real world pathology (biomedical microbiology) laboratory.  
 
2.3.6 Formative Assessment: “Biomedical Rounds”  
University teaching hospitals around the world employ in one form or another the “Medical Rounds” 
teaching and learning model whereby medical registrars or their equivalent conduct patient bedside 
question and answer sessions with medical students. This tried and tested authentic-learning 
approach promotes real-world learning and student engagement. We adapted this approach in our 
teaching of biomedical bacteriology to advanced level, final year biomedical undergraduate students.  
 
Just prior to end-of-semester summative (theory and laboratory) assessments, students underwent 
formative assessment via a face-to-face, interactive Question and Answer (Q&A) workshop in the 
biomedical bacteriology laboratory. Eight Q&A stations were set-up around a laboratory bench. 
Students must be fully prepared for this formative assessment. Other than those materials set-up by 
teachers at each Q&A station, textbooks, student notes or resources were not permitted. Five or six 
students as a group commenced their rounds (15-20 minutes per station). Q&A station number one 
featured an authentic patient case scenario which each student must problem-solve individually and 
collectively as a group. One of the teaching staff role-played a patient suffering a (bacterial) infectious 
illness, while another colleague facilitated the probing Q&A.  
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Each student in the group, and collectively, was asked a series of questions that challenged their 
concept knowledge, understanding and application. Each student was able to gauge strengths and 
weaknesses by the quality of the answers they provided as they progressed from station-to-station.  
This formative assessment strategy also allowed for immediate feedback from the teaching team on-
the-spot in a supportive context since no marks were associated with the activity. Moreover, the 
strategy has the added advantages of assessing a student’s oral communication skills, encourages 
their reflective practice and focuses on peer group interactions in a probing (“pressurised”) context.  
 
By also providing hands-on laboratory tests, experimental materials and test results at most (6/8) of 
the Q&A stations, the strategy also probed a student’s ability to: (i) make experimental observations 
and interpretations, (ii) critically analyse data and (iii) use higher order flexible thinking.  
 
At the final Q&A station, the student group observed one of the teaching team performing various 
technical procedures that were replete with deliberate errors and omissions. Each student had to 
record such mistakes, discuss as a group and then report collectively. This strategy aligns with active 
learning via student-centered corrective feedback; a powerful learning tool.  
 
2.3.7 Teaching and Learning Guidebook 
A useful tool for bridging the gap between theory and laboratory work is the Learning and Teaching 
Guidebook – a hard copy resource organised into chapters according to infectious disease states. 
Each self-contained chapter comprises lectorial key notes, laboratory exercises laid out in descriptive 
detail, recommended readings and sample questions (multiple-choice and short answer type question 
sets). These questions are intended to provide formative assessment and evaluate both knowledge 
and flexible thinking aspects, thereby encouraging independent student learning. Factual data such as 
isolation media formulary, bacterial identification tests and ID tables, antibiotic lists, as well as report 
forms, are also included as appendices.  
 
The Teaching and Learning Guidebook is a ‘living document’, with students adding their own notes, 
reflections and additional hard copy resource material collected during the semester. The Guidebook 
replaces (and improves upon) the traditional ‘lab manual’ format with its focus almost solely on recipe-
style experimental activities and minimal connections to the theoretical principles delivered via didactic 
lectures.  
 
 
3 EVALUATION OF THE PEDAGOGY 
Both quantitative and qualitative evaluation indicate a positive reception by our students to the 
authentic learning model with its embedded specific pedagogical tools as described here. 
 
University-based formal evaluations of learning (LEX) and informal student feedback support the 
success and impact of our approach at QUT. Fig.1 depicts evaluation data and as can be seen the 
average unit satisfaction (U05) LEX ratings for student evaluation of teaching range from 4.2-4.8; 
consistently higher than either the School of Biomedical Sciences or Faculty of Health average LEX 
ratings. Failure rates trended low to very low for each of the units (subjects) depicted in Fig.1.  
 
Fig.1 data is also supported by a cross-section of student comments derived from evaluations. A few 
examples of those comments include:“…I really like the critical thinking required for the patient 
diagnosis class discussions, they really help you think about how much is relevant for each patient 
and were quite fun. We were all participating and thinking rather than just listening. Critical thinking 
questions were gold. Mark has expectations of the students which promote enthusiasm for learning 
and working to a high standard ... [he] reinforced to the class the imperativeness of being competent in 
the skills required for working in a diagnostic laboratory and furthermore the skills and knowledge 
required for this vocation were taught in a very concise way through the format of the interactive 
lectorials. Mark really helped me to understand the ‘real-world’ applications of bacteriology – rather 
than just injecting us with hours of theory. I like that Mark challenges our critical thinking and takes 
time to explain where we are going wrong. It is made very clear how the lecture material correlates 
with the lab and real-life situations, the importance of decision-making and reporting in a lab…”   
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Fig.1 University-based formal evaluations of learning (LEX) for four units (subjects) as follows: 
LSB435 Diagnostic Microbiology 1; LQB486 Clinical Microbiology 1, LSB547 Bacterial Pathogenesis 
and Disease Diagnosis, LQB586 Clinical Microbiology 2. 
 
Formal evaluations separate to the university’s LEX evaluations have also been conducted. Three 
units (subjects) were surveyed with a 61% mean response rate (n = 129). Summary: students view as 
positive influences on their learning the lectorial format (81% Strongly Agree/Agree), integration 
between theory and practice (82% SA/A) and the focus on knowledge, understanding and application 
(82% SA/A). Class-level discussions, Q&A discussions and interactivity all assisted learning in 
lectorials and/or laboratory classes (76% SA/A, 76% SA/A and 80% SA/A, respectively). Across Year 
2 and Year 3 of the biomedical bacteriology study stream, 82% of respondents either Strongly Agreed 
or Agreed that critical thinking activities/questions assisted their learning. Significantly, in the capstone 
unit of the biomedical bacteriology study stream, this latter aspect scored a 95% SA/A.  Most 
importantly, in an endorsement of the pedagogy described here, 79–90% of respondents across Year 
2 and Year 3 identified and valued interactivity in lectorials, critical thinking activities/questions and 
application of knowledge and understanding. 
4   DISCUSSION 
The authentic learning model presented in this paper is rich in pedagogical strategies designed to 
construct knowledge rather than deliver it. This makes the biomedical bacteriology study stream in the 
School of Biomedical Sciences at QUT markedly different in philosophy and practice to many other 
contemporary microbiology courses. Despite a major shift in pedagogical approach, core elements of 
a sound knowledge base plus development of generic skills and attributes remain a key part of the 
teaching approach since they are a baseline requirement for a graduate entering into a workplace 
biomedical microbiology laboratory. Fundamental reform of the QUT biomedical bacteriology study 
stream is as much about how principles and practice are taught as about what is taught. The influence 
of the reforms on student engagement and their classroom learning has been both significant and 
positive. 
 
This paper describes a suite of pedagogical tools embedded in an authentic learning model that offers 
an alternate way for students to learn microbiology. When employed collectively the pedagogy 
provides for step-wise knowledge and understanding scaffolding via student-centred teaching in the 
form of patient case scenario enactments, class-level discussions and question-and-answer sessions 
during lectorials and laboratory classes where, in the case of the latter, both knowledge and 
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understanding are demonstrated in hands-on and non-hands-on applications. An important aim of the 
pedagogy has been to bridge the gap between theory and practice and this has been achieved via a 
number of successfully executed objectives including: (1) commencement of laboratory-based 
activities during the lectorial, (2) allowing students to make real-world connections by continued 
emphasis on workplace applications, and (3) providing a resource in the form of the Teaching and 
Learning Guidebook that integrates laboratory practice with theoretical principles. 
 
The pedagogy described here allows for both generic and higher order flexible thinking skills to be 
instilled in our students from day one of their study stream, undergoing development and refinement 
as the student progresses through the study stream across all three years of the undergraduate 
degree program.  
 
Many students comment that they have not experienced this approach in most of their previous 
subjects in their respective degrees. Anecdotally, many students say that the study stream and the 
way it is taught has had a very positive impact on their learning at QUT. Both formal (QUT Learning 
Experience Survey or LEX) and informal student evaluations (including anecdotal feedback) indicate 
that students clearly understand the study stream’s coherent pathway of learning and its rationale. In 
comparing classroom experiences before and after the implementation of the pedagogy described in 
this paper and in analysing anecdotal feedback and student evaluation data, we have found that 
overall classroom engagement is improving in measurable ways for our units (subjects). That students 
are using and refining their higher order flexible thinking skills is clearly evidenced by the way they 
answer questions during lectorials, by the strategies they use in the laboratory-based flexible thinking 
case scenarios and their performance in formative and summative assessments.  
 
A number of the pedagogical tools described here have been translated to the allied health sciences, 
specifically the nursing microbiology study stream and have been received positively as evidenced by 
both anecdotal student feedback and formal evaluations (data not provided). Whilst the pedagogy was 
developed to be implemented collectively, biomedical academics willing to make a cultural shift in their 
teaching approach in a cautious, but determined way, could trial and evaluate one or two of the 
pedagogical tools described here and, if successful, expand their pedagogical repertoire over a period 
of time. 
 
Teaching practices in our units (subjects) continue to undergo reformations in positive and sustainable 
ways. Positive because we are now enjoying teaching much more and because we believe our 
students are enjoying the learning experiences embedded in our fresh approach. We are also 
experimenting with different learning experiences by designing teaching spaces and creating 
opportunities where active classroom interactions between teacher and students are the norm, not the 
exception. This experimentation is informed by how students engage in the two primary integrated 
learning contexts (lectorials and laboratory).  
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